This work describes the production of magnesia-alumina spinel using microwaves as energy source. The microwave energy was supplied by means of an 800 W magnetron operating at 2.45 GHz. The microstructure and the mineral composition were studied by means of SEM and X-Ray diffraction respectively. The resultant product shown sintered zone and incipient smelting of the reagents meaning that microwave processing could be a practical form for spinel production.
profile. Spinel was mainly produced after 40 minutes of microwave irradiation, while 20 minutes test did not reacted practically.
The difference between sintering degrees across the sample could be explained from the difference of temperatures inside the sample, the upper side was uncovered an therefore it was colder than the bottom side of the sample closer to the auxiliary heating source (carbon bed). The side that is in contact with carbon reaches the temperature, at which the materials became absorbent of microwaves, more rapidly than the part that is on the top and once that they absorb microwaves, their temperature is increased because they absorb microwave by themselves. The sample that is on the top would never reach the same temperature than the part of the sample that is on the bottom because the first one is losing heat by radiation. Taking just the sintered part of the ceramic material (exposed for 40 minutes), the diffraction pattern shows spinel formation (Figure 4 ). In this pattern we can see, besides of MgAl 2 O 4 spinel, the presence of MgO which did not react. We did not find any carbon compound thus we can say that carbon does not take place in the solid reaction.
An important aspect to confirm is that the reagents were heated meanly by microwaves better than by heat conduction from the carbon bed. A simplified thermal analysis of the tablet system with one face is in contact with the carbon bed at 2135°C (liquidus temperature of the spinel, there was smelted material here) and free convection to the air in the opposite face of the disk (maximum temperature of the hot air was 100°C) was conducted. Assuming that the only heat source to the sample is the conduction from the carbon bed the maximum temperature at the face exposed to the air is 1200°C (without heat loss). The spinel was found through the whole sample but in different amounts (more at the interface carbon -sample and less at the interface sample -air). According to West, [1979] the necessary time at 1500°C for having spinel is in the days scale) thus it is demonstrated that an important source of heat is indeed coming from the sample itself (microwave heating).
The sinterization profile can be explained with the fact that temperature is not uniform. The part in contact with the carbon bed achieved the necessary temperature for become microwave absorbent before the rest of the sample, thus in this part smelting process was being conducted (actual spinel production), while depending on the position from this point the sinterization degree is getting lower and lower until the minimum at the uncover surface in contact with air. The part that was in contact with the air is rarely sintered, but there is spinel presence even in these conditions. Figure 5 shows a comparison between the microstructure close to the carbon bed (bottom of the sample) and far from the carbon bed (top surface in contact with the air) for a test conducted for 40 minutes. The grain size is smaller at the top that at the bottom, but in both cases the grains are characteristic of the magnesia-alumina spinel, the only difference is that at the top the time was not enough for having grain growth, however the structure is a typical spinel. Figure 6 shows the same comparison than figure 5, but for test conducted for 60 minutes, notice that the only difference is the grain size. This means that the spinel was already formed since 40 minutes (20 minutes tests just show the practically unreacted mixture) and after that the spinel grains just grew. Figure 7 shows a SEM image of the spinel phase taken to a specimen exposed for 40 minutes to the microwave radiation, besides it exhibit the typical structure of an spinel, chemically analysis confirmed spinel presence of spinel.
CONCLUSION
In this work was demonstrated that it is possible to use microwaves as an energy source for the production of ceramic materials such as magnesia-alumina spinel.
It was confirmed that alumina and magnesia requires an auxiliary heating before they become microwave absorbent materials.
Carbon could be used efficiently as an auxiliary source of heat for processing ceramic materials that need to be heated to certain temperature, before becoming absorbent of microwave such as magnesia-alumina spinel.
Temperatures around the melting point were achieved in some parts of the samples, the part that was unreacted was on the top and was unprotected from radiative losses, then the temperature was far from the melting point.
